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ABSTRACT
The aim of this study was to evaluate the viability of the use of spent 
laying hens’ meat in the manufacturing of mortadella-type sausages 
with healthy appeal by using vegetable oil instead of animal fat. 120 
Hy-line® layer hens were distributed in a completely randomized design 
into two treatments of six replicates with ten birds each. The treatments 
were birds from light Hy-line® W36 and semi-heavy Hy-line® Brown 
lines. Cold carcass, wing, breast and leg fillets yields were determined. 
Dry matter, protein, and lipid contents were determined in breast and 
leg fillets. The breast and legg fillets of three replicates per treatment 
were used to manufacture mortadella. After processing, sausages were 
evaluated for proximal composition, objective color, microbiological 
parameters, fatty acid profile and sensory acceptance. The meat of light 
and semi-heavy spent hens presented good yield and composition, 
allowing it to be used as raw material for the manufacture of processed 
products. Mortadellas were safe from microbiological point of view, 
and those made with semi-heavy hens fillets were redder and better 
accepted by consumers. Values for all sensory attributes were evaluated 
over score 5 (neither liked nor disliked). Both products presented high 
polyunsaturated fatty acid contents and good polyunsaturated to 
saturated fatty acid ratio. The excellent potential for the use of meat 
from spent layer hens of both varieties in the manufacturing of healthier 
mortadella-type sausage was demonstrated.
INTRODUCTION
According to statistics from the Brazilian Poultry Association 
(UBA, 2009), 60 million laying hens were housed in Brazil (white and 
brown eggs) in 2008. Considering that the number of birds housed 
corresponds to the amount of pullets introduced to replace old spent 
hens, then a similar number must have been culled in the same period. 
If the volume of biological matter, labor, and associated transportation 
costs are taken into account, the disposal of layer hens is one of the 
main economical and environmental problems of the poultry industry 
(Lyons, 2001). In addition, with the increase of broiler production, the 
sale of spent breeding hens at reasonable prices has become more 
difficult, affecting  producers’ profits (Kondaiah, 1993).Spent hens 
are usually slaughtered and used in feed production and concentrated 
stock preparations, or sold domestic consumption in soups and stews 
(Ajuyah et al., 1992; Voller-Reasonover et al., 1997). However, a better 
use of hens at the end of laying cycle, for example, in the manufacturing 
of food products with higher added value, could provide economic 
benefits for the Brazilian poultry industry. 
Brazil is a developing country and a significant part of its population 
has limited access to fresh beef, and is only able to buy processed meat. 
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Therefore, the consumption of sausages is high. Mortadella 
is one of the most consumed sausages in Brazil, and its 
consumption has increased approximately 10% per year 
(Barbosa et al., 2006). Thus, it might be interesting to use 
meat of laying hens at the end of laying cycle in sausage 
manufacture, since its possible hardness is not an obstacle 
for the production of most processed products, which use 
ground meat (Kondaiah & Panda, 1992).
High consumption of saturated fatty acids increases 
total cholesterol and LDL cholesterol in humans. 
Reduced consumption of saturated fat is recommended 
in the treatment of hypercholesterolemia, and it was 
found that the replacement of saturated fatty acids by 
polyunsaturated fatty acids reduces total cholesterol 
and blood LDL (SOCESP, 2006). Meat is the major 
source of fat in the diet, especially of saturated fatty 
acids (SFA), which have been implicated in diseases 
associated with modern life. The ratio of n-6:n-3 
polyunsaturated fatty acids (PUFA) is also a risk factor 
for different types of cancer and for coronary heart 
diseases, particularly for the formation of blood clots 
leading to heart attack (Fernández-Ginés, 2005). 
Vegetable oils have been used as partial substitutes 
of pork fat in low-fat frankfurters and other types of 
cooked products,  their inclusion allows manufacturing 
food products with more adequate fatty acid profiles 
and cholesterol levels than traditional ones (Muguerza 
et al., 2001). Soybean oil is very rich in polyunsaturated 
fatty acids, mostly linoleic acid, whose concentration 
ranges from 49.8 to 57.1% (Firestone, 1999), and also 
present the highest PUFA percentage – around 60% 
as compared to near 30% in canola oil –, and also the 
highest PUFA / SFA ratio (Maia et al., 2006). 
The objective of this study was to evaluate, 
analyzing carcass yield and physical-chemical and 
sensory parameters, the feasibility of using the meat 
of light and semi-heavy spent layer hens in the 
manufacturing of mortadella-type sausages presenting 
better nutritional profile by using soybean oil instead 
of animal fat, which is traditionally added. 
MATERIAL AND METHODS 
Raw materials
One hundred and twenty laying hens at the end 
of the second production cycle (110 weeks old) were 
used, being 60 of the Hy-line® W36 (light) line and 60 
of the Hy-line® Brown (semi-heavy) line. Birds were 
distributed in a complete randomized design into two 
treatments (layer genetic lines) with six replicates of ten 
birds each. All layers were fed the same diet since the 
beginning of the second production cycle. Birds were 
slaughtered at the experimental processing plant at USP 
Pirassununga campus. Birds were hung by their feet, 
stunned by electric shock, bled, scalded, plucked, and 
eviscerated. Carcasses were then washed under running 
water and chilled by immersion in cold water, packed in 
polyethylene bags, and stored in a cold-storage room at 
4°C until the following day (approximately 20 hours), 
when carcasses were deboned and cut up.
 
Carcass yield of spent laying hens 
Cold carcass, wing, breast fillet, and leg yields were 
determined in relation to body weight (BW) before 
slaughter. 
Processing of mortadella-type sausages 
Leg and breast fillets of three replicates per treatment 
were used to manufacture the sausages, in a total of 
two 15-kg batches per treatment. Sausage formula is 
shown in Table 1 and was used in the manufacture 
of both products obtained, which differed only as 
to raw meat source (breast and leg fillets from light 
or semi-heavy spent laying hens). Soybean oil was 
mixed with the meat and other ingredients in a rotary 
bowl homogenizer (cutter) for about 10 minutes. 
Meat emulsions were removed from the cutter at 
temperatures below 14°C, and were stuffed in fibrous 
cellulose casings. Sausages were cooked in an oven 
until internal temperature reached 75°C. After cooking, 
the mortadella-type sausages were cooled under cold 
water shower and whole pieces were vacuum-packed 
and stored at 0 °C (± 1°C), in the absence of light, until 
analysis. 
Table 1 - Formula used to manufacture mortadellas.
Ingredients Percentage(%) Weight (kg)
Breast fillet 24.00 3.600
Leg fillet 36.00 5.400
Soybean oil 15.00 2.250
Ice 16.15 2.420
Salt 0.80 0.120
Curing salt 0.30 0.045
Antioxidant 0.25 0.038
Emulsifier 0.50 0.075
Condiment for chicken sausage 1.00 0.150
Cassava starch 5.00 0.750
Garlic 0.50 0.075
Flavor enhancer 0.40 0.060
White pepper 0.10 0.015
TOTAL 100.00 15.000
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Calculation of mortadellas process yield 
In order to calculate process yield, the sausages were 
weighed before entering the oven and immediately 
after cooking/cooling. Yield was calculated using the 
following equation: 
Yield (%) = (final weight / initial weight) x 100 
Proximate composition
The proximate composition of the raw material 
(breast and leg fillets) and of the finished product 
(mortadella-type sausages) was determined in 
triplicate, according to AOAC methodology (Cunnif, 
1998). Protein content was determined by the micro-
Kjeldahl method; fat was extracted in a Soxhlet 
extractor; moisture was evaluated by gravimetry and 
the ash content was determined by incineration in a 
muffle furnace. 
Microbiological evaluation of the finished 
product
Previously to sensory evaluation, all treatments were 
analyzed for the presence of Salmonella and coliform 
count at 45°, positive coagulase Staphylococcus count, 
and sulfite-reducing clostridia count. Microbial analyses 
were carried out according to the methodology 
described by Vanderzant and Splittstoesser (1992).
Objective color determination in the finished 
product 
The L * (lightness), a * (redness) and b * (yellowness) 
values were determined using a portable colorimeter 
(Miniscan XE), operating with D65 light source, 10° 
angle  view, and 30mm cell opening.  
Fatty acid profile of the finished product
The lipid fraction of the sausages, extracted 
according to methodology suggested by Folch et al. 
(1957), was analyzed by gas chromatography of fatty 
acids methyl esters in accordance with official method 
(Ce 1-62 (97), AOCS 1998). Before chromatographic 
analysis, the lipid fractions were prepared in the form 
of fatty acids methyl esters using AOCS methodology 
(Ce 2-66 (97), AOCS 1998). A Shimadzu 2010 
AF (Japan) gas chromatograph, equipped with an 
automatic injector (Shimadzu, model AOC 20i, Japan) 
and flame ionization detector, was used under the 
following experimental conditions: capillary column 
Crossbond-PEG 0.25 m, 30 m x 0.25 mm id. (RTx-Wax, 
Restek, Bellefonte, PA, USA), helium carrier gas at a 
rate of 0.74 mL/min, injector temperature of 250°C, 
and column temperature of (160-245)°C (3°C/ min 
rate), temperature detector of 280°C. The fatty acids 
methyl esters were identified by comparison with 
retention times of Supelco standards (Bellefonte, PA, 
USA) and quantification was performed by internal 
standardization. 
Sensory evaluation of the finished products
The sensory evaluation of the produced sausages 
used affective acceptance tests that were performed to 
assess the acceptance degree perceived by consumers 
of both types of products (containing meat of light or 
semi-heavy hens). The team consisted of 80 consumers, 
including students, professors, and staff of the School 
of Animal Science and Food Engineering (FZEA-USP) 
recruited based on their affinity for the product. Two 
replicates per treatment were evaluated. All consumers 
read and signed the Clear and Free Consent Form. 
Samples were sliced to 1.5 mm thickness, and two 
slices of each sample were monadically and randomly 
offered on plastic plates and a fork. Consumers were 
asked to evaluate the samples using a nine-point 
verbal hedonic scale (1 = extremely disliked to 9 = 
extremely liked) with regard to color, aroma (which 
should be evaluated by raising one of the slices and 
feeling the smell between them), flavor, texture, and 
overall quality. 
 
Statistical analyses
Data on body weight, carcass, wing, breast and 
leg fillet yields, and objective color were submitted to 
analysis of variance, and means were compared by the 
F test. Consumer acceptance data were analyzed by 
ANOVA, using a mixed model, considering panelist 
as random effect and treatment as fixed effect. 
Significance was defined at p≤0.05 for all parameters. 
SAS® (©2000, SAS Inst. Inc.) software package was 
used for the statistical analyses.
RESULTS AND DISCUSSION
Carcass yield and proximate composition of 
the meat obtained from light and semi-heavy 
spent laying hens
Semi-heavy hens had higher BW and breast, leg 
and wing yields (p<0.05), but there were no significant 
differences in cold carcass yield between genetic lines 
(Table 2). Meat yield depends on bird age and weight, 
with heavier laying hens presenting higher yields and 
better quality products than light hens (Kondaiah & 
Panda, 1992). Nardin et al. (1999) obtained 14.73% 
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breast fillet yield with light hens (white meat); however, 
the value obtained was determined relative to carcass 
weight, which was, in average, 1.20 kg in that study. 
Table 2 - Body weight, carcass, and fillet yields of laying hens at 
the end of the second laying cycle. 
Variables1
Laying hen
CV2 (%)
Light Semi-heavy
BW (kg) 1.61b 2.06a 2.53
CY (%) 62.09 63.18 3.95
BFY (%) 9.68b 10.40a 5.65
LFY (%) 12.29b 13.38a 3.91
WY (%) 6.56b 7.28a 4.34
1 - BW: Body Weight; CY: Carcass Yield; BFY: Breast Fillet Yield; LFY: Leg 
Fillet Yield; WY: Wing Yield. 2 - CV: Coefficient of Variation.
  
The proximate compositions of breast and legs fillets 
and of the finished products are shown in Table 3. The 
composition of breast and leg fillets was similar to that 
reported in literature (Kondaiah & Panda, 1992). On 
the other hand, Nardin et al. (1999) found lower CP 
and EE values (19.60% and 3.75%, respectively) in 
the mixed meat (breast, legs, thighs and drummettes) 
of light hens as compared to those obtained in the 
present study. Information on physical-chemical 
properties of the meat of spent hens is essential for 
the development of processed products, since they 
determine the quality of final products (Kondaiah & 
Panda, 1992). 
Table 3 - Proximate composition of breast and legs fillets of 
hens at the end of the second laying cycle and of mortadella 
using spent laying hen meat and vegetable oil.
Constituents1
Laying hens
Light Semi-heavy
BF3 LF3 BF LF
HU (%) 69.62 66.73 71.49 68.06
DM (%) 30.38 33.27 28.51 31.94
CP2 (%) 22.52 19.69 23.79 19.02
EE2 (%) 5.78 11.99 1.84 10.97
Mortadellas 
Light Semi-heavy
HU (%) 53.88 53.41
DM (%) 46.12 46.59
CP2 (%) 13.56 13.54
EE2 (%) 19.29 19.56
AS2 (%) 3.16 3.29
1 - HU: Humidity; DM: Dry Matter; CP: Crude Protein; EE: Ether Extract; 
AS: Ash. 2 - Results were expressed nature matter base. 3 - BF: Breast 
Fillet; LF: Leg Fillet.
Characterization of mortadellas including 
spent laying hen meat and vegetable oil 
The proximate composition results of mortadellas 
(Table 3) are consistent with the Standards of Identity 
and Quality of Mortadella-type Sausages (Brasil, 
2000), which establish limits of up to 30% fat, 65% 
humidity, and a minimum of 12% protein. HU and 
CP values of mortadella using the meat of spent 
laying hens were similar to those reported by Jin et al. 
(2007) for mortadella made with 0, 20, 40, or 60% of 
spent laying hen surimi, but they obtained lower EE 
values as compared to the present study.
The results of the microbiological tests did not show 
the presence of Salmonella sp in any of the treatments. 
Moreover, coliforms at 45 °C (<3 MPN/g), positive coagulase 
Staphylococcus (<1x101 CFU/g) and sulfite-reducing 
clostridia (<1x101 CFU/g counts complied to the standard 
established by the Brazilian legislation (Brasil, 2001). 
Objective color analysis showed the sausages 
that contained semi-heavy chicken fillets were more 
reddish, as evidenced by the higher a*value in the 
CIEL* a* b* scale system (Table 4). However, in 
general, the use of chicken fillets and the absence of 
pigments in the formulation resulted in products with 
low a*values that presented a light pink color. Trindade 
et al. (2005) reported that increasing the percentage 
of mechanically-deboned hen meat in the formulation 
of sausages had negative effect on a*values, resulting 
in products with less intense red color. 
Table 4 - Color of mortadella sausages prepared with breast and 
leg fillets from hens at the end of the second production cycle¹.
Genetic line L* a* b*
Light 80.20 5.26b 13.59
Semi-heavy 79.81 5.67a 13.57
CV (%) 0.74 3.86 2.01
1 - Means followed by different letters in the same column are statistically 
different (p<0.05) by F test.
The results of the sensory acceptance test are 
presented in Table 5. Sausages prepared with semi-
heavy layer meat were better accepted in terms of 
texture and overall quality attributes, but did not differ 
from sausages made of light layer meat in relation to 
the other attributes. It was observed that all values of 
the evaluated attributes were above the acceptance 
limit for the product (score 5, which indicates “neither 
liked nor disliked”). Trindade et al. (2005) found that, 
the overall product quality decreased with the increase 
of spent hen meat percentage in the formulation 
of sausages; however, the values for this attribute 
remained above the acceptance level 5.
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The fatty acid (FA) profile of mortadella sausages 
made of light and semi-heavy spent hen meat is shown 
in Table 6. The results show that the fatty acid profile 
of both products was very similar, which was expected, 
since the main fat source was soybean oil in both 
treatments, with the addition of 15% in the formulation 
of sausages, and also because hens were fed similar 
diets in terms of FA profile.
Table 5 - Means of the sensory attributes of mortadella sausages 
prepared with breast and legs fillets of hens at the end of the 
second production cycle¹.
Characteristics Light Semi-heavy
Color 5.95 6.36
Aroma 6.40 6.76
Flavor 6.08 6.52
Texture 5.52b 6.22a
Overall quality 5.90b 6.50a
1 - Means followed by different letters in row differ statistically (p<0.05) 
by F test.
According to data presented in Table 6, it 
was observed that the main fatty acid present in 
triacylglycerols that make up the lipid fraction of 
sausages obtained from light and semi-heavy chicken 
was linoleic acid, followed by oleic acid. In fact, the 
fatty acid composition of sausages of the treatments 
used in the present experiment differs from sausages 
made of standard chicken meat and traditional 
sausages, which lipid fraction derives from beef and 
pork fat). This difference in composition is shown in 
Table 6, according to data from Baggio & Bragagnolo 
(2006) and Baggio & Bragagnolo (2008). 
The high polyunsaturated fatty acid content of 
the sausages of the present study presents 4.4 to 5.5 
times higher PUFA/SFA ratio than those obtained in 
commercial sausages, and the values can be compared 
to the range present in soybean oil (Table 6).
The World Health Organization (WHO, 2010) 
recommends a daily intake of saturated fatty acids 
below 10% for healthy individuals and less than 7% for 
individuals in the risk group for cardiovascular diseases. 
Table 6 - Comparison of the fatty acid profile of mortadella sausages prepared with breast and leg fillets of laying hens at the end of the 
second production cycle and of other products.
Fatty acid Light
(%)
Semi-heavy (%) 
M ± SD
Chicken mortadellaa (%) 
M ± SD
Traditional mortadellab (%) 
M ± SD
Soybean oilc
 (%)
C12:0 0 - 0.1
C14:0 0.2 ± 0.0 0.2 ± 0.0 0.8 ± 0.0 1.0 ± 0.1 0 – 0.2
C15:0 0.1 ± 0.0 0.2 ± 0.1 0.2 ± 0.0
C16:0 12.9 ± 0.1 12.5 ± 0.1 24.1 ± 0.7 24.3 ± 0.8 9.7 – 13.3
C17:0 0.1 ± 0.0 0.1 ± 0.0 0.3 ± 0.0 0.3 ± 0.0
C18:0 3.4 ± 0.1 3.6 ± 0.0 7.0 ± 0.2 9.3 ± 0.7 3.0 – 5.4
C20:0 0.2 ± 0.0 0.3 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 – 0.6
C22:0 0.1 ± 0.0 0.3 – 0.7
C24:0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.1 0 – 0.4
C16:1 0.9 ± 0.1 0.6 ± 0.0 4.6 ± 0.1 3.5 ± 0.4 0 – 0.2
C17:1 0.3 ± 0.1 0.3 ± 0.0
C18:1 29.5 ± 0.4 27.8 ± 0.1 39.5 ± 0.9 40.3 ± 0.3 17.7 – 28.5
C20:1 0.2 ± 0.0 0.2 ± 0.0 0.4 ± 0.1 0.5 ± 0.1 0 – 0.3
C22:1 0.1 ± 0.0 0.1 ± 0.0 0 – 0.3
C18:2 47.5 ± 0.5 49.3 ± 0.2 20.7 ± 0.3 18.8 ± 0.9 49.8 – 57.1
C18:3 4.4 ± 0.1 4.7 ± 0.0 1.3 ± 0.2 1.1 ± 0.0 5.5 – 9.5
C20:2 0.2 ± 0.0 0.3 ± 0.1 0 – 0.1
C20:3 0.2 ± 0.0 0.3 ± 0.0
C20:4 0.4 ± 0.0 0.3 ± 0.1
C20:5 0.3 ± 0.0 0.3 ± 0.0
SFA 16.9 16.8 32.5 35.4 13.1 – 20.7
MUFA 30.7 28.7 44.8 44.6 17.7 – 29.0
PUFA 52.4 54.6 22.6 20.5 55.3 – 66.7
PUFA/SFA 3.1 3.3 0.7 0.6 3.2 – 4.2
a - Baggio & Bragagnolo (2006). b - Baggio & Bragagnolo (2008). c - Firestone (1999).
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The daily intake recommendation of polyunsaturated 
fatty acids is 6-10% of total dietary fat. Therefore, it 
could be inferred that PUFA/SFA ratios higher than 
1 are highly recommended to maintain a balanced 
diet. In the present study, PUFA/SFA ratios of 3 were 
obtained for both sausages, that is, the addition of 
soybean oil allowed the production of sausages with 
strong healthy appeal.
In relation to the type of saturated fatty acid, the 
WHO (2010) emphasizes that saturated fatty acids 
with 12-16 carbon atoms in the carbon chain must 
be avoided due to their high potential to increase LDL 
cholesterol. According to the data presented in Table 
6, the addition of soybean oil to sausages allowed 
the reduction of palmitic acid content in half, which 
reinforces the previous comments. 
CONCLUSION 
 
In general, the manufacture of mortadella-type 
sausages with vegetable oil shows good potential 
for the utilization of meat of light and semi-heavy 
spent laying hens. The obtained products, despite the 
undesirable light color, are safe, from microbiological 
point of view, and have good nutritional value. 
Furthermore, the sensory acceptability of color can be 
enhanced by adding natural pigments.
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